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ABSTRACT

The purpose of the bottom interaction experiment is to examine theI influence of the ocean bottom on low frequency acoustic propagation.
This document describes the goalc of the experiment, the design of the
experiment, including site selection, and details of conducting the
experiment, and includes the data analysis plan.

The bottom interaction experiment will use ACODAC recording systems to
obtain a record of SUS signals in a bottom limited region. The geometry
will be selected so that the number of bottom interactions and the
bottom interaction angles will be known. Data will be collected at
abort ranges with a small number of bottom interactions to duplicate
previous measurements. Data will also be collected out to maximum range
'permitted by SUS source level to ensure the maximum number of bottom
interactions and small grazing angles.
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I. TDUWOTION

The bottom interaction experiment will collect, data to:

[ - Measure acoustic propagation los1

- Measure bottom interaction

M- easure bottom loss

- Measure noise field

- Measure bottom properties

* in a bottom limited region.

Bottom loss versus grazing angle as a function of frequency will be

determined and examined for consistency throughout the region selected

for the experiment.

Impulsive (explosive) sources have been used extensively to measure

propagation features. Analysis of rectived energy from such sources by
j, medne of digta~l sigWO. processing ellovs a greater flexibility than do

other techniques. With the ability to resolve and analyze (on a routine

basis) the individual arrivals contalned in the received signal, it

becomes possible to take into consideration the differences in poped a-

Stioa paths of the Individual arrivals. The experimt described bore

will take edvantege of the available wleling techniques to describe

.1 individual arrival paths. For those paths interacting vith the bottom

! ;<,it is then p ible to measure the infl•ence of the bottom.

¶11* acoustic data vifl be recorderd by means of the ACODDAC (ACOusi

DUta gapule) recording system iwith hydropo es at selected depths in the

water coluw. Uydrojtoce dtaptho and SUB locations vill be selected to

include single 'ottom bounce data and to inalude ranges out to the nail-

ti. at vbIeh signals an be detected. SUS runs uwri be We in four

directions from the two ACODAC systems so that consistency of the bottom

etfeots ovtr a large ares will be establishted.

S" 'I



*Additional features of the experiment include use of a continuous

waVe (C)source to obtain CW propagation loss data to supplement the

expl~osive source data., and to allow ecomparison of the two measurements
in a severely bottom limited region.

The particular site selected as appropriate for the bottom interaction

measurements permits additional useful measurements. The location allows

both SUB and CW data to be taken in a transition region which goes

across a trough to a continental slope into shallow water. Data will be

collected to describe propagation down this slope into a bottom limited

region.

Also for this particular region, the highest density of shipping
occurs in a single lane which is parallel to the coast and is in shallow

water. The selection of AQODDAC sites will. permit aome interpretation or

the distribution of the noise field from these sballow water sources izL

I ~a bottomi limited r'egion.

Supporting the direct acoustic measurements will be measurements of

temperature profile, sound velocity profile,, and vinds sea, and swell
conditions. To aid in describing the bottom,, bathymietryp vide angle

reflection,, and roubbottom profiling data will be taken.

It is importarnt to ackmwuwlet1e the assistanef of the Na8valJ

Oteanogratphic Office and Texas Thatruments in preparing this document.

Mr. 11. S. Wlt-nokur, Code 6130j, NAVOCEAMO, supplied the detsile or the

deconvolutioa processing *t the $US data. M4r. A. Kirst,, %j, supplied

detaila of the event ashw K'v ýwA environmental data sebedules.

Altbough the future of Ithe experiment as described Lu this

1* ~document becom~e un..ertaia in the LWAPP rgram, certaia elemeute of



11. PURPOSE OF EXMPMM~N

The experiment described here bas several measurement goals, all

di~rected toward further understanding of the interaction of lov frequency

sound with the ocean bottom. The experimental desip is such that rela-

K ~tively simple measurements vill achieve the znultiple goals. The

experiment wili be conducted in a region without a fully developed

acoustic channel.. the so-called bottom limited condition. While uot

essential to some elements of the experiment) all the measurements goals

can beat be accomplished in a bottom limited region. The purpose of

this section is to describe the goals of'the experiment and especially

to call attention to the necessary interrelations between these measure-
Ment Goals.

To understand and describe propagation under the conditions of

* ~bottom interaction, it is neceasary with existing modeling techniques

to know the acoustic bottom loss versus &r-azing angle as a function of

frequency. The ACODAC's receiving bhydrophorses will be configured and the

WS~ runs .deeigned so that bottom reflectivity data will be collected froM

I very close range (single bounce) to the maximum range at which signals can

I ~be detected. For commpAisor purposes, data for up to three bottom inter.-
I ~actions will be ana~lyzed by procesaing total e.aergy recteived for each shot.

This tiethod of ecalysis will be essentially a repeat of those used previously

This experim~ent will expand the anal4ysis techniques to include analysis

j ~of individual arrivrals ; i.e.*, acoustic vvrivaUa from an explosive sourcef j which have traveled by different transaissivo prths. Tho exp~eriment
*deeign requires selection of source depth,, receiver depth, and range tI ' enstwe transaission paths which interact Vith the bottom, and which have

delay times betueen transmiossion paths adequate to allow resolution of

* individual ar-rivals.
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To plan the experiment, the following steps are necessary.

1. Estimation of propagation loss expected for the bottom area

of interest. This step is necessary in order to make the best estimate

of signal levels to be expected and the best prediction of ranges over

which bottom loss can be measured. For prediction purposes, a range of

bottom loss behavior is assumed. Resulting propagation loss (PL) pre-

diction from the FACT model for several source and receiver geometries

of interest are generated. FACT is a-xy theory layered ocean propagation
model suitable for this type problem. It includes caustic corrections,

surface image interference effects, and low frequency cutoff, and treats

bottom interaction by application of a suitable bottom loss coefficient

to bottom interacting multipaths as a function of the eigenray bottom

grazing angle.

2. Prediction of eigenrays for expected ranges and the source and

receiver depths of interest. With an indication of expected signal levels

at the ACODAC receivers and using the propagation loss predictions from

FACT, a tabulation of eigenrays is obtained to show bottom interaction

angles, number of bottom interactions, and delay times between individual

arrivals. The ability to compute details of eigenrays is a recent

development from a NAVELEX sponsored program at ARL/UT. Additional

*. "information is given in Appendix B.

The primary uncertainty in this experimental design procedure is

the exact nature of the bottom where the experiment is to be conducted,

Use has been made of the limited bottom loss data for nearby regions to

select several types of bottom behavior for use in the FACT runs. In

the experiment design, ranges have been selected to allow measurement

of bottom loss within a span of values similar to those used in the

"prediction.

"A second major aspect of the experiment is the use of a continuous

wave (CW) source. Although these data do not contribute directly to
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measurement of bottom interaction, it is important to make a direct

comparison of propagation lose measurements using CW and SUS data in a

bottom limited region. The propagation loss measurements will extend

from the smooth bottom, up slope into very shallow vater, again allowing

direct comparison of the two measurements results. Because of the
limits on towing depth and source level, the range over which CW measure-

ments can be made is limited.

Another feature of this particular site is the concentration of

shipping in a well defined lane running close to the shore in shallow

water. The locations of the ACODAC systems have been selected to allow

collection of data to give information on the distribution of noise

from these shallow sources into a bottom limited region.
II"

Experience from other acoustic experiments using the ACODAC systems

4. f will be used to select density of temperature profile data (XBT), sound

velocity profile data (SVP), bottom profile (bathymetry), and meteorology

data (wind, wave, and swell).

Two additional measurements will be made to aid in understanding the

bottom features. Subbottom profiling will be conducted along all tracks

where acoustic propagation measurements will be made. The subbottom

profile will supplement the routine bathymetry data by giving information

on the details of acoustic layers below the bottom dawn to depths on the

"A order of 200 m. To increase the usefulness of the subbottom profile data,

wide angle reflection measurements will be made at appropriate intervaml

along the tracks. The wide angle reflection data allow calculation of

the acoustic propagation velocity in the subbottom layers.

S !5



K'

• III. IOCAION

In choosing an experimental site, there were two categories of

information to be considered: those features which were necessary and

those vhich were desirable.

It was neceseary in this early stage of experimentation to have

minimum bottom topograplic variation over the maximum range from vhich

measurements vere expected. First choice was a smooth flat bottom and

second choice vas a smooth sloping bottom; the contribution of more

complex bottom features car. betltspbe examined in later experiments.

It is highly desirable to conduct the measurements in a severely bottom

limited region, although this is not necessary for some goals of the

experimeut. It is detArable to have some additional knowledge of the

-area includIng sound velocity profile and bottom type.

Initiallt,' three areas in the Eastern-Central Pacific were examined.

These areas are shown in Fig, III-t. The entire region is bottom limited

"and each area has a relatively smooth bottom vith several hundred miles

1 d&iznsion; and, there is adequate kno-ledge to support the pl tiug pbafs

. and to determlie that the desired meazuremts c= be- mle. Site I vas

selected because it had the zat desirable bottom features.

i The SVP stovn in Fig. 111-2 is representotive of this arets. It shows

I & coudition of severe bottom limited acoustic pro.agation for shallov

"f soures. Bottom data, although Umited, indicates a uniform region of

thin (<0W Ui) sedineats with hig bottom loss at low gmratig &ogles. No

bottom 10-3 daLta were avtfltle at gmring angles betumen O0 wxt 50.

. A benefit of this location ie the •roximity of the coastline and

j its rapid slope. With snafl additional effort, data o= slope coupliUg

! "in a botto lilmzitd region wil be obtained. Another feature is the

j 6
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concentration of shipping along Ghe coastline. Useful data'on the
noise distribution from these concentrated, shallow water sources will

also be obtained..

I-
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IV, EnME A DESIG81N

With the purpose of the experiment established, and with a location
selected, a range of expected acoustic behavior was then used to design
the experiment. The first step consisted of using the available VIP,

Fig. 111-2, and available bottom loss data to obtain propagation loss

predictions using FACT. Four BUS depths and four receiver depths are

used. The resulting propagation loss runs for two expected extremes of

bottom type (i.e., approximately 5 dB bottom loss at all grazing angles

and a change of 0 to 5 dB between 00 and 50 grazing angle) are presented

in Appendix A. For shallow sources and receivers, and high bottom loss,

it is seen that extremely high propagation loss occurs and only short

ranges can be expected. For less stringent conditions the predictions

indicate the AC00OC systems will receive bottom interaction signals to

several hundred miles. Tentative selection of ACODAC spaciug and

measurement distances were made based on those predictions.

For these ranges and for the available SVP data, familie3 of

eigenrays were examined to determine if the particular geometry allowed

time resolution of individual arrivals and to determine the range o:

grazing angles for which data would be analyzed and the number of bottom

interactions which would occur. Examples of specific eigenrays are

shown in Figs. IV-1, IV-20, and IV-3. Summaries of the behavior of the

eigenrays are tabulated in Appendix B.

The eigenray parameters are summarized in Fig. IV-41 which shows

I bottom reflection angle versus range, and .ig. IV-5, which shows arrival

time (relative to first arrival) versus range for specific propagation

pathe.

o iThese sample predictions are intended to illustrate the steps taken

to determine bydrophone depths, source depths, density and spacing of

10
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uliote, separation of AOODAC isystems, levels of sipnala to be received,
and dynamic range required at the receiving system. The final experi..

- metal, design described in the next~ section ina a result of several

L ~repetitions of this design eyowle.

1.16



V. E.....O .-..

Sie n Tac eti

coiteoard Tra scon D trail cosstefrttac tapoiaeyW

at Sie Aantrinsto willuse ato sbp troiacks. the fims isntle atraihteB

TMe track from 1 to 2 (Fig. V-1) is approximately ~480 mifles. The track

from 3to ivia Pis 525 miles.

The pirpose of making two runs is to collect data on as many bottom

interactions as source level and receiver se sitivity vii permit fo
this bottom area, and also to easure reasonable duplication in the data.

-br example., the run ending at 2 is near the expected maximum range ft~r

System B and outside the expected range for System A. However, if the
bottom loss is lees than expected., then the range from 2 to systez A Vill.
allow mwaximumniber of bottom interactions to be measured. Also, there

~~are- useful results for system cozparisowi Wn analysis when energy from~'4 ~one swure is received ou both sytezne (i.e., those portions of the runf beweenA an ~).For ~l1the deep shots (244l a, 610 m) ax- portion of

thhe shallow sbote (18 a, 91 r.) both ACODACs viii record the eventi. In.
the unlik~ely event one AC.O)AC failo., m=at of the ship track and SWS sources

will still contribute t~o the expiarlwent.

fSOSM Deploymnt

Seieralfactors Influence thme shot deployvent pattern. To define,

the .otrlos-rsus grazing angl~e curve with reasonably fine resolution,
17
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~ ~V'~'a b.±gh density of' shots (small spacing between shots) is desirabe
especially at short ranges. HoweVer, to keep the total num~ber of shots

used vithin reasonable bounds and to minimize the chance of reverberation

'~ from mne shot interfering with reception of' +lýe next in a sequence,. a

minim=m shot spacing bad to be established.

A geometry frequeutly used fofr bottom loss measurement positions a
receiver at 152 m (500 ft) depth and sources at 244+ m (800 ft) depth

deployed at ranges from near the :oeceiver to 30 or 4I0 amn. Although the
present bottom interaction experiment is designed to use several source
depths and several receiver depths$ to comply with thsgoery oneo

the AQODAC hydrophones is to be at 152 m depth and one of the source

depths is to be 2244 m. Figure V-2 sho,4e the bottom interaction angle

versus range (out to 14o un) for the first three bottom interacting

multipaths. The relative arrival times shown in Fig. V-3 demonstrate

that the vaw-ious arrival orders will be separable in time during data

processing. From the model results used to produce Fig. V-2., a shot

separation of 1 rnm for the 2414 m, depth sources resuLlts in an angular
separation of measurements less than 30 beyond 8 rnm range (bottom int~-4

action angles below 25*) for the single deep turning multipath. For

* . shorter ranges,, angular separation of meas~urements increases to about

70 at 4+ un range.* The shot deployment pattern to be used provideo for a

high density of 244m depth shot6 for the fIxat 15;n range eitbor side

of an ACODAC., a medium. density of 244 m depth shots on out to 35 unm range,

and a lower buit acceptable density for greater rangea. The two shallowest

depth shots (18 m anti 91 m) are to be deployed at the greater spacing

(-5.3 um) for all range segments. The deepest shots, which provide

calibration information for reduction of the other data,, will be detonated

at 3.3 xrn reAge increments for some range segments and at 10 =r increments

for otber range segments. Figure V-4 illustrates the four shot deployment,

patterrns to be used and Fig. V-5 shows the range segment Zr VhiAth each

pattern is to be used. Although the shots for all depths are shownm at

the sawe times in Fig. V-4, the aetual deployment sequence is controlled

by the various times between deployment and detonation for the different,

19
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C''detonation depths. The oink rates and'detonation depths result in the

time delays shown in Table V-1. In order to minimize the probability

-of overlap of shot signals, the deployment schedule to be used is a 60 ft.

(18 m) BSU followed 60 see liter by a 300 ft (91 m).SUS followed 60 sec

3ater by a simultaneous deployment of an 800 ft (2i 44 m) and a 2000 ft

~ (610 m) BSU. This basic pattern is modified to allow for the four

different deployment patterns to be used., as shown in Tables V-2 through

V -5. The total SUS requirements are as follows: 60 ft, 350; 300,ft,

350; 800 ft, 500;, and 2000 ft, 250..

I OCW Dep~loymnent

The VW tow will be conducted along the track from point 1 to

point 2 (see Fig. V-i) and will pass over ACODACs at Site A and Site B.

I T'oving speed will. be 5 kit, requiring 98 h to complete the tow. The
Vibroseis system allows towing two sources simultaneously at two dif-

I ferent depths. Each source can transmit two frequencies simultaneously)

thus a total of four frequencies can be transmitted. During the CW tow

for this excperiment, four different frequencies over the band from 10 to

500 Hz will be transiwitted with a schedule of 50 min on and 10 min off
each hour. A high and a low frequency, in the stated band., will be

~-- selected for both tow depths. The shallow tow depth will be 60 ft while

K the deeper tow depth will be 300 ft, allowing comparison of propagation
- measured during the tow with tbat measutred during the BUS runs. P're-

I quencies for the CW source will be chosen to facilitate this comparison.I ACODAC Configuration
Figure V-6 is a schematic of the ACODAC configuration. The 13

receivers are clustered in four groups X threbdrpoe wt h

reDmainitS bydrophone located'adjacent to the bottom.

1,. 24
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½TABLE V-i

*Tim~e Between Deployment and Detonation

1.for Various SUS:Depths

Shot Detonation Relative Detonation Time
I IDet (ft)/(m) (after deployment) (sec)

4 sec through the water (to 6 sec
62/18 with sMoiler plate)

. ... ... 00/91 26

800/244 46

2000/610 120

25
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TABLE V-2

Shot Deployment, Schedule for each Shot Density

Density 1:

~* ~-Starting Starting
on the Hour Deploy SUS, on the Half Hour
Time Depth (f)Time

SV'0000 60 0030
0001. 300 0031

0002 800 and 2000 0032

0020 60 0050+10021 300 0051
0022 800 and 2000 0052

0040 60 0110

0041 300 0111

*0042 800 and 2000 0 1.'ý2

- 26



TABLE V-3

Shot Deployment Schedule for Each So est

Density 2:

Starting Starting
on the Hour Deploy SUS, on the Half Hour
Time Depth (ft) Time

.?. l~>0000 60 0030
0001 300 0031

10002 800 and 2000 0032

0020 60 0050

~,0021 300 0051

0022 800 only 0052

0040 60 0110

0041 300 0111

0042 800 only 0112

27



TABLE V1-4

Shot Deloymentmv~ Schedule,¶ forq Eacht Shot~ Density.

Density 3:

Starting Starting
on the Hour Deploy SUS, on the Half Hour
Time Depth (ft) Time

C0000 60 0030
*0001 300 0031

0002 800 and 2000 0032

~'0012 800 only 0042

0020 60 0050
0021 300 0051

0022 800 and 2000 0052

0032 800 only 0102

0040 60 0110

0041 300 0111
0042 800 and 2000 0112

0052 800 only 0122

28
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Shot Deployment Schedule for 2ach Shot Density

~ Density 4:

Starting Starting
on the Hour Deploy SUS, on the Half Hour
Time Depth (ft) Time

0000 60 . 0030

0001 300 0031

I ~'0002 800 and 2000 0032

0007 800 only 0037

0012 800 only 0042

0017 800 only 0047

*0020 60 0050

0021 300 0051

0022 800 end 2000 0052

0027 800 only 0057

0032 800 only 0102

0037 800 only 0107

0040 60 0110

0041 300 0111

0042 800 and 2000 0112

0047 800 only 0117

0052 800 only 0122

0057 800 only 0127

-- A
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In addition to the 152 m(5W0ft) receiverdepth., as shown in

Sig. V-6 hydrophones will be placed at depths of 100 m (near axis depth),9

A 284I0 m (about 1000 m above the bottom)., and 3810 mi (30 a above the bottom).
Ibis receiver configuration samples several important depths in the water

colum. It further ensures a variety or bottom interaction angles and

'4 arrival times from each ehot, thus mximizing the range segments over

vhich multipath separation and bottom loss analysis can be performed.

Mwe single bottom receivern will be configured to record bottom noise
~ f level.

I . Each or the three hydrophones at the four depths will be passed
through a different preamplifier gain prior to recording, thus providing

a large dynamic range for reception at each depth. The channel gains are

adjusted to provide reception over the following sound pressure levels in

the water at the hydrophone face:

Channel SPL Plange dB re apX&
Im L Gain 198 -168
M~edium Gain 168 - 138
High Gain/ .138 -108/

(Ambient Noise) (108 % 8

As shown above, the low and medium channels are fixed gain., while

the high gein (ambient noise) channel has two gain states and switches

between the two In the usual manner of operation of the AQODDAG. Mhe

.low gain channels will allow reception of the SUS signals at ranges as

short as 14 to 5 nm without overloading the recorder# while the other

channels allow continuous definition of propagation details out to ranges

experiencing much higher propagation lose.

All channels will use the maximum available bandwidth (10 Hz to

I~600 Hz) except the high gain/ambient noise channels which will be used
to incorporate the tieceseary reference frequency and will have a useful

bandwidth of 10 Hz to 300 Ez.

31



Event Schedule

Table V-6 is a Master Event Schedule for the bottom interaction
SKexperiment. The SUS vessel will conduct the experiment totally withb thetexception of the use of a CW vessel to provide the four day CWtov~

(Event 252).

Table V-7 is the SUS vessel event schedule. and Table V-8 is the

OW vessel schedule. Table V-9 gives details of the ZBT and STD schedule.

The locations are shown in Fig. V-T. The locations of the wide angle

reflections measurements as a supplement to subbottom profiling are shown.

in Fig. V-8.

Appendix C gives a list of organizations, personnel,, and miajor

equipments participating in the experiment. Appendix D gives additional

detail of operational. plans including radio frequencies., acoustic source

ftequmecies., and schedules., etc.

32
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TABLE V-0

:~~~.~ a T nd~ NOl 3chedile

. ~WSITE DISTANCE ONE ~ ,U8 T-S T- M

2. 0

30 041
50

70
100/

.5.2120 041 V /
B 0

R20 000
47 '
62/
87

112
127/

B 1630?

p 0
22 350/

63/

'109
1 ~134

P 155 350
A 0

A 30 041/
45/

43
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TABLE V-9, coat.

S~ITE DOMANE (n)T-5 T-7 ITO

,~~ 70

asV
~: F ~ 110

12

~ISO
A 168 041

~ 'A' 110 258/
40

*~*W~~*-\.70V

100

V1 130 258V
3 0

C....-. 3017V
60V

3 10017V

V A 0
15 221

A 20 221

w1E1 0

WR13 10 239V
40V
70V

100V
130V
160V

220V

M83 266 230

4 0

424

F' ~ ~ 4f4*7 7



TABLE V- 9, cont.

SSITE DISTANCE COURSE T-S T-7 STD

4 0 V
10 165

~, b 41
~~ 72

4 92 165
2 0

~* ~~';"2 0 I

2 10 041
40/

70
100/

160V

190/
2 222 041V

C 0
20V

110V
140V

170V

200V

230V

260V

C 269 041V

1 10 258

45
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~ TABLE V-9, cent.

SITE DISTANCE r(m) COURSE T-'5 -T-7 SiTD

70

?'I 100

1 130 258/ V
3 0

S3 30 170

60
90

120

210/

240V

3 257 170
P 0
p 0/ V
P 10 270

40

70

100

130/
160V

190

220

250

P 266 270

A 0
30 090V

4S

72

92V1~102 090
46
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TABLB V-9o Cont.

SITE DISTANCE (n) COIURSE T-5 T-7 STD

* 5 041

Q`20 041
8 0 221

10 041/
35

ISO

j. . 170
.,... .t200/

B 207 041
A 0

A 0/

Total -- T-5 114

T-7 -- 7

STD- .7
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:~, VVI. DATA ARAYI~SI AND IMP9ETATION

The data acquired during this experiment vill, provide a baae for

studying the long i -,, propagation of sound in a bottom limited environ-

ment. The primary objective of the data analysis and interpretation Vini

be to understand and describe the effects of bottom interaction.-on the

K;>measured. propagation characteristics.

Tlechniqx!es developed by the Naval Oceanographic Office (1100) to
calculate bottom loss versus grazing anglesB for single bounce situations

vill be extended to study multiple bounce data. These techniques vill, be

augmented by procedures developed at ARtLkD to extract basic iuforimation

on the detailed propagation paths from source to receiver for the long

rang data. Together vith the utilization of current propagation mKdelep

these data processiug and analysis tool~s will provide! the insight, from

the TheasuremXuts to allov for a morm applicable model of bottom interne-
tion in propagation calculations. An&d-sic/nepeain fteieai

profiling data and the wide angle reflection data will be required to

support the priary experiment objective.

To eAin a full description of the envirouwantal acoustics ef tie

area, th-Waa will, be aaalyzed for propagation loss,, the ambient noise

data will be studied for the effeats of the- bottm. lizmited coaudticone,

batbyzetry, and .lmited ahi-pping di~stribution. The analysis of' tht

K :1environzental data will provide support-to ell of the interp~retatioa.

I SII Data AralsI a

ehh*e receiver location and tracks fox~ the 3UZ deployrnuL5 are bu

j ji ~~~in i.V-4. the track d~etail 6tnd deplA .en -Aceduefrt $ ees
I. iare- provided in Fg V-5. 7,1igue V46 aboit the sound veloa~ty structure

Itypical of the area and the receiver allocation in tbo vater to!=n.

50.



'igure Iv-4 shows the estimated bottom reflection angles versus range

of several multipath arrivals for only one of the source/receiver

combinations to be used. From these estimates, it is seen that as range

increases the bottom reflection angles of the primary (first few)

arrivals constituting the received signal are spread over a smaller

range of angles. Beyond approximately 100 nm, most of th2 received

si~crl will have encountered the bottom at angles less than 10. Only

at short ranges are the multipath arrivals reflected from the bottom at

steep &agles.

V The SUS data received at short ranges (<50 nm) will be processed by
NOO with the deconvolution procedures which consist of convolving the

direct arrival (or proper replica) with the received signal structure to

obtain the iipulse response of each arrival. Each arrival is thus

delineated in time to within the resolution of the convolv.tion process

and the energy associated with each arrival can be attributed to the

proper mechanisms in t arms of the physical structure of the bottom.

SUS data from all ranges will be processed by ARL/UT for propagation

loss using the total energy of the received signal as well as the props-

gation loss and bottom loss determined from individual arrivals. Of

particular impor'tance will bp the comparison between the bottom loss

determined at the long ranges involving many reflections and the loss

determined at short ranges from one or two reflections. The frequency

and energy characte-istics of the individual arrivals of the received

signal will form the basic processing tor this analysis. Details of the

SUS data processing procedures are given in Appendix E.

Ambient Noise Data Analysis

Three features combine to make the study of the ambient noise field

in the experiment area particularly interesting. First, from the bottom

limited environmental condition, the shippiDg contribution to the ambient

noise is expected to be low. Second, almost all shipping in the area is

51
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concentrated along a 6 nm limit off the coastline. Considering these

two features together, the ambient noise level at Site B, approximately
100 nm further from the shipping lane, is expected to be less than at
Site A. A third feature results from the shipping lane along the edge
of the Middle American trench. Sound reflecting from the edge of the
trench may couple into the sound channel and increase the ambient level

above that expected for shallow sources in water of uniform depth.

"ARL/U will process the ambient noise data from both Sites A and B.

uarrowband spectra will be used to produce the 1/3 octave estimates. The
-,data will be analyzed for frequency, depth, and site dependence to gain

insight into the governing mechanisms. Details of the noise data pro-

cessing techniques are given in Appendix F.

CW Data Analsis

Event 252 is a CW tow using the Vibroseis source. The sources will
be deployed at depths of 60, ft and 300 ft with four frequencies in the
band from 10 to 300 Hz. The sources will transmit 50 min of each hour

continuously at a constant level.

A" L/UT will process the CW data for propagation loss and signal
excess along with the associated ambient noise levels. Using the measured

bottom loss data, and environmental data, a mesningful comparison can be
made between the CW propagation lose and predicted values. Details of
the CW data processing technique are given in Appendix F.

B-'nta1DataAnasis

N00 will process the environmental data and reconstruct the
source-to-receiver tracks/ranges. These data will be furnished to the

participants in the acoustics data analysis and modeling.

52



Source Rata Analysis

A reconstruction of the time history of the source level performance

of the Vibroseis CW source will be carried out by ARL/UT.

The SUB deployment analysis will be performed by NOO and provided

to the participants in the SUB analysis,

The source level correction calculations will be performed by USI

from the on board recordings and provided to NOO and ARL/U]T.

B-S Arrival Structure - ARL/

The task of measuring propagation loss, and bottom loss for

individual arrivals from a large number of shots over a long range

interval, requires expansion of the routine BUS processing. There will

be three hbydrophones at each receiver depth, to provide a large dynamic

range for the recorded data; when required different portions of the

Mw- shot will be analyzed from different recording channels. Multipath

arrival times, bottom angles, and propagation loss assuming perfectly

reflecting bottoms will be computed and used to guide the signal pro-

cessing. This will require good navigation, source, and environmental

data prior to the time the acoustic data is processed. The ancillary

data will be used by programs such as the eigenray program, described in
Appendix B, and by propagation modeling programs such as FACT.

Figure VI-1 demonstrates the type of analysis which will be performed

Apou the shot arrivals. Also indicated are the bottom reflection angles

for each arrival. If for example the spectral energy in the third ar-

rival were integrated from 45 to 56 liz, the results would be the energy

in a 1/3 octave band centerad at 50 Hz for signals bouncing ten times

53
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from the bottom at 3-7O grazing angle. Subtracting the source eneray

in that same band yields the measured propsgation loss for that path.

Next, the propagation loss assuming perfectly reflecting bottom along
that path is t3 be computed. The difference between these two values.

is then ten times the bottom loss at 50 Hz and 3.7O angle.

SUB Deconvolution - NOO

Acoustic bottom reflectivity data will be collected near ACODAC
buoys along several tracks over a range sufficient to include up to

three bottom bounces. The data will be digitized for digital de-

convolution processing and 1/3 octave bottom loss computations. A

geometry consisting of SUS charges at 244 m and hydrophones at 30 and

1000 m above the bottom and at 1000 m depth will be utilized. Over a

relatively smooth bottom, this geometry permits the separation in time

of a single bottom return from its surface reflections. As an aid to the

deconvolution processing, direct signals will be recorded on the ACODAC

hydrophones as well as the listening ship's 3.5 kHz profiler transducer.

These direct signals permit precise measurement of bubble pulse periods

and hence, through a synthetic deconvolution procedure, the source level
spectrum is adjusted for the small but important variations in detonation

depths. More importantly, the deconvolution removes bubble pulses from

bottom reflected traces. The resulting impulse responses achieve near

optimum resolution by pulse compression. It should also be possible by

"deghosting" filtering to properly remove interference caused by water

surface reflections overriding deeper bottom returns. This kind of
processing permits direct interpretation in terms of the structure of the
bottom, since reflections from individual sediment layers and refracted

arrivals from sediment sound velocity gradients are easily identified.

Measurement of pulse heights and positions from impulse responses leads
to estimates of sediment parameters such as sound velocity and velocity

gradient, density, and attenuation. These parameters integrated with

* geological knowledge of the bottom aid in understanding the acoustic -

ocean bottom interaction. An example of a measured source signal is

55&
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Sshavn as tbe unprocessed trace'in Fig. 1TI-2. 'Zie 46ecoiwo-Ve&trace.
shown in the -figure is the effective sou~rce stolgn2 atter; processing
and is a good representation of an ideal spike signal, Bottom returned,

~.. i~g~'signals corresponding to both of these source signals are.~s oni

Mg I-2

~~The processing described above requires that fast Fourier- transforms
of the bottom return signal and a stored direct signal be computed.* The

Sfrequency response function is then computed as the quotient of the two
Stransforms with. adjustmento for the bubble pulse period and water column

sprteading and absorption losses. The impulse response is obtained by
taking an inverse Fourier transform together with a filtering operation
to iiiniinize the effects of noise. The noise filtering is based on
samples of the ambient noise background. Water column losses are
determined from ray trace calculations based on sound velocity and

batbymetry Irofiles measured over the bottom loss tracks.
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APPMU~~ A

~ PROPAGATION IMS MDICTIONS

This appendix presents propagation lose prediction from the FACT
model for the expected range of bottom loss. Results from the two

bottom loss types are given for four source depthas and four receiver

depths.
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APPENIX A

Bottom Loss Type 1: Approximately 5 dSfor all grazing angle~s
from 0O to 900.

Bottom Loss Type 2: Saue as Al, except that loss decreases
~ ~rlinearly from 5 dB at So angle to O dB

at 0* angle.

Figure Numbers for Bottom Loss Type 1

~*r ource Recoiver Wo tmE
Depth
ft*. S O50/152.5 3297/100S 7520/2291.7 10702/3261.7

60/18.3 Al A2 A3 A4

300/91.4 AS A6 A7 A8

800/243.8 A9 A10 All A12

2000/609.6 A13 A14 AlS A16

Figure Numbers for Bottom Loss Type 2

Source Receiver Depth ft/rn
* Depth

ft/rn 500/152.4 3297/1005 7520/2291.7 10702/3261.7

60/18.3 A17 A18 A19 A20

300/91.4 A21 A22 A23 A24

800/243.8 A2S A26 A27 A28

2000/609.6 A29 A30 A31 A32

59
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I APPENDIX

ahi ap dx ivee tauaions of tepdicted baior of
~-. -. '~ igenrays for four source depths and four receiver depths and a range

of 151.2 n.Fbr each eigenra the information given is reflecting

layer (for this example only the bottom named lAyer No. I is used).,

source angle, receiver angle, bottom angle, and time required for trans-.

mission and number of deep turning points. The Si!? shc~m In Fig. 111-2

I j ~was used. The ccnputer progrsm E1IOGNAY., used to obtain these results,
.1 is a layered oceau'program which identifies all aigemres,, including

bottom penetrating eigenrayas, for a given propagation geometry and

tabulates the ray parameters which are shown ti this appendix.

!v -
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* APPENDIX B

Eigenrays for four r6ceiver depths and four source depths at
151.2 rnm range.

Table numbers for source/receiver combinations.

source Receiv r
Depth Number: 1 2 3 4
ft/m Depth ft/m: 500/152.4 3297/.1005 7"20 2291.7 1070273261.7

60/18.3 Bi B2

300/91.4 B3 j B4

800/243.8 B5 86

* 2000/609.6 87 B8
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DETAUlED opERATIONAL PUANS
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(to be ad~dedater)
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APISIX E

Me a•alog data recordings are time compresseed in playback end

converted to digital forat along with associated timing an system

information. Three data channels or hydrophtnes aure converted sinl-

taneously. 1he data ae filtered in playback for antiallaing und anti-

struing (low frequency receiver effects). The sampling rate, vhich is

synebronized by a tone on the data tape to minimize analog record/pliybaek

variations, is determined by the frequency range of e.ualyis. The

broadband digitized signals are not archived ater the processing is

completed.

The heart of the automatic SUB processor is a software system vith

0an adaptive aloritbm that determines the threshold for detection based

an estimates of the ezbient noise and the envelope of the M si•gnl.
SCoicident detectin eIs required across mllticba nei to minimize the

false alarm rate. For examplej, Yig. Zý-l eshav the arrival of a uhOt

received on the hydrophoce data cbaa-els. Sorc-e infortitiou fro the

"exerclse operatlons is input to the procesor, which uttilizes a simplLe

woipaption model to calculate an exected. event arrival time viudc.

The U siosl duration i, indepndent24 deteined' on each duta

chmn•el aince varying WMr• tio. pathe can esiet between the sowrCe and

ji i receiving arl~hnnes. An edaptive fiter based n the aI 1 energy

f j relative to t-he ambent noi-ie ener• iS used to detemniae the shot figtal

tercinatico. hfoýr~ttiai from each deteeted SBis used to update the
cutereac event.

f~ilter Varamtere for each :lowine

-Oce the evenZ Is detecte a.d the sigma! &dratlon is dete dsaail

. an agritim is used to determine the hig re.slnttiOn spectrv of

the s4ta plus nolie. Te re utia a in the spectral esatatilo Is



* I

II 0- -s ee -,-j

cRAD•IA•T 3.

[ 1~10 see~

I.

CHAMMB 2

FIGURE E-1

SUS ARRIVAL ON THREE HYDROPHONE CHANNELS
(Signal envelope versus time)
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based on the sampling rate chosen and a 4096 point transform. The

spectrum of the ambient noise imaiediatelj precedi•g each WS is deter-

mined in a like manner.

4 I The structure of the received $US frequency spectrum is determined
by the multipath arrival structure and the SUS source character. For

example, Fig. E-2 shows the spectrum of two different SUS arrivals

including the noise spectrum preceding each arrival. The spectra are

remarkably different because of the source depth difference, which

determines the BUS bubble pulse frequency.

The general flow of the shot processing is summarized in Fig. E-3,

and the parameters of the processor saze outlined in Fig. E-4.

Procesvr

For each SUS eignal detected the following information is output to

digital tape and is used in the analysis of the acoustics of the

environment:

1) SUS event time to 0.01 sec.

2) BUS duration to 0.01 sec.

"•) High resolution spectra of signal plus noise.

4) High resolution spectra of the ambient noise sample associated

with each BUS.

S) BUS signal energy, ambient noise energy, and signal-to-noise

estimates in 1 and 1/3 octave frequency bands.

6) Propagation loss and signal-to-noise estimates versus range

and/or time.
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DATA SOURCE: ANALOG TAPE

11ROCSm~lG TCHIQU: ANALOG TO DIGITAL COMFERSION OP CONTINUOUS RECORD

4- NFalETIRDIAlE STORAGE ON DIGITAL TAPE AUTOMATIC COMVJTER EVENT

LeICTION ADAPTIVE SIGNAL DiY1ATION DETEK[E nE ENER~GY ANALYSIS.

RANiDOM ACCESS DISK FOR SIGNAL SORTING

SID=AHEOUS PROCESSIN~G OF THM HDOPHO CHANNELS

PlAYACKC SPEEDUP: 20/ t

PROCESSING SPEED: 10 TO 15 sec FOR HflROPHOINE SHOT INCLUDING NOISE

(cEMRCISE DEPM)ENT)

BESOLUT7ION: EVEN~TS TO 0.01 see, FREUENCY TO 0.15 Hz

AVAILADIE OUTPUTS:

SIGNAL ARRIVAL TIMES

SIGNAL DURATION
* ~ ~ POER SPECTRA IM) SIGNAL AN~D NOISE

OUEAVE, BANlD MNERGIESji PROPAGATION IOSS
SIGNAUp4XO-NOISE RA~TIOS

4 - Fi0uRE E-4
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AP~FlIXDl F

I I V Aw/CWd PMC88OE DESCBIYTO?*

T The AIN/CW processor is a hardvare/software configuration designed
IN to perform a narrowband analysis over a variable frequency range

handling large volumes of data. The system is divided into five tasks:

A/D conversion, spectral estimation., band estimation,, editing., and

1 display. Parameters such as bandwidth., frequency range and resolution,
and integration or averaging time can be readily adopted to suit different

applications.

For the A/D task, the analog data recordings are time compressed in

plaback and converted to digital format. The equipment configuration

is shown in Fig. F-1. One bydrophone channel. is digitized on each pro-

- ceasing, run along with the corresponding timing and receiving system

information. Programmable amplifiers., controlled by the digital

computer,, are used to maximize the dynamic range utilization of the A/I)

converter. The sampling signal is phased locked to a reference on the

data tape to minimize errors due to record/playback fluctuations.

Du1ring one A/fl pass the computer flags any sample whose amplitude

exceeds the range of the A/D converter. The computer also determines

thie peak and average amplitude of the data for each minute. *Thi

Iinformation is used to det*ermine the desired amplifier setting for the
data in the folloving minute.* Time synchrouization checks ame maintained

by the computer tbrougout an A/fl run.

Th5e second task of the proces oar is to compite and calibrate a

narrowbaud spectra frma contigu~ous time increments throughout the data

* period analyzed. C~urrently an 8192 point PIT is ufed to provide a

frequency resolution of 0.07 Ez for tha frequency range of 10 to 300 Hz.
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The ambient noise -spectra can be time averaged over a selected

period and output as narrowband and/or octave band time series. Various

statistical algorithms are avail.able to furnish the informatiou required
. ....... .[. . to perform an acoustical analysis of the data.

The CW analysis is achieved by uai-.- the calibrated narrowband

spectra to estimate the signal power in a given frequency band. The

spectra are first averaged for a specified period, Prom these averages,

two types of band estimates are obtained. Por each OW signal,# a narrow
(%1. Hz) band centered about the source frequency is searched for its

spectral peak line. The power in a narrower band (0.22 Hz) centered

V for any doppler shift and variation in source frequency that might occur.

The second type of band estimate determines the ambient noise pove' in

a wider band (4. Hz) associated with each source frequency. An algorithm

is used to minimize tbe effects of extraneous shipping lines and sh~ort-
term nonstationarities that often contaminate data of this type.

The third task performed by the ANI/CWv processor automatically edits

the reduced data for artifacts and contamination from these sources:,

1. environmental effects such as biological and seismic noise.,

2. exercise effects such as conflicting sources (SUB).$ source level

fluctuatione, source timing, and shipping noise, and

~.receiver and recording system effects.

The techniques and algorithms used in the editing phase are software

implemented with the exception of some asM detection accomplished during

the A/D phace. These algorithms consist of calibrations, U*~ qUalit

indicators, information from exercise operations,, and adaptive filters

for octave and narrowband noise estimators,. peak tracking, and correction
of receiver system artifacts.

112



Oxs data displ.ay consists of graphics and tabulations specified

and required in the final analysis performed. Figure 7-.2su~naiizes

the CWI/AN processing

~:C1. Processor Out~puts

The folwn outputs of the AZ/(7d processor are available for

analysis:

1. ambient noise spectra in narrow and/or octave bands.,

2. CWJ signal power, noise pover., and signal-to-noise estimates
in narrow frequency bands, and

~.propagation loss (PL),, noise power estimatesj, and signal-to-

noise estimates versus range and/or time.

Examples of P11 and signal excess (S.$.IN) in the deep ocean are

shown in Figs. F-3 and P-4. These shov the PL along the same track for
an Inbound source and then an outbound source. The figures illustrate

4 the repeatability of the PL as a ftnction of range and equally inter-
esting is that they show rather large variations in the noise back~ground.
Noise variations likce this are difficult to interpret when viewed through
a narrowband processor and AIIL bes found that a valuable aid in inter-
pretation is a time versus frequency plot of the total available spectrum.

For example, the noise increase in Fig. P-3 is identified as a moving
1 broadband source in the three-dimensional plot shown In Fig. 7-5.

Another view of Fig. F-5 is FUg. 716j, which is a better illustration of

the quantitative rise In the noise level.
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R~qUIMD IN~rrSOUTPUTS

FREQUENCY RANGE PRiONTE
CII PROCESSING BANDWIDTH RAI' 0161TAt. YAPES CONTAINING:

TII4CQDESYNCA/D CN~ITTZED DATA

CALIBRATION SIGNAL FORMAT AND LOCATIONS' T4CODE INPORMATION
OVERLOAD SIGNAL FORMAT APIIRS~

HYDROPHONE/TAPE CHANNEL ASSIGNMENTS U.sVE'LOAD AND CI.IPPfI~ INDICATOI
ANALOG TAPE . B3OEEPINS LNITRIF~

RECEIVER CONFIGURATION CONVERSION FACTORS
HYDROPHjONE SENSITIVITY OVERALL FREQUENCY RESPONSE
PREAMPLIFIER GAIN AND RESPONSE STATISTICS ON RECEIVER:

CABL LOS FO EAH HYROPONEAMPLITUDE STABILITY
CABLE OSS FR EAC HYDRPHONECALIBRATION FRQECST ILY

CALIBRATION SIGNAL LEVELSFRQECSTBLY
ANY PERTINENT PRE/POST GAIN STATES

4DEPLOYMENT NOTES NOISE FLOOR
SPECTRA SAVED ON DIGITAL TAPE

SOURCE FREQUENCIES (0.1 Hz)PESEAS N)MDNSWTI
APPROXIMATE SOURCE SPEED AND DIRECTION EACH CW BAND

SOUCE REQENC STBILTYBAND TOTAL POWER IN EACH 1/3-OCTAVE A
SOUCEFREUECYSTAILTYESTIMATION BAND NORMALIZED TO I Hz

HIGH-RESOLUTION AVERAGED SP;:'
STATISTICS ON RECEIVER AND A.

ARTI FACTS
1INTERM4EDIATE DIGITAL TAPES

COMPUTER LOG

RANGE AND BEARING TO SOURCEFIA GIATPE
SOURCE LEVELS AND ON TIMES EDITING STATISTICS
SHIPPING PROXIMITY EDITING

CONFLICTINO EVENTS

RECIPIENTS PLOTS
FORMATS TABULATIONS
AVERASING TIKES, DISPLAY STTSIC

TRANSMITTAL TAPES

ass. FIGURE F-2
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AS-T5-ý2324

114



;A. 4 J-1

,r- 0

cop'~r *c"-

(iLc

Lcr-

'-22

100 0.0 3.0 00

C.3.

LI) 1 A FIGUE F-3~S

AWA YTE YRNOE6518MBTO
CHI TACKGFSREJ537 4 1N17d

A'ST."'2



-`M !7.,

62X

cr.dc 'rb

0.

I N

cr.

CL

I AO~CSYTE I HYWIOE I -

10O 0-0 3-0 00 so-Go-)2

RAG (M



.
1

4M

sand~~~~a . ... ...

AI

m.at

ý7"* 
-1 

ý6 ,0""kg a. N

h AA'VW Qý ¾I.r
- i~ ~A

veS -1;vq-a- W-~ ý*V ( 4~a
A 1 0-

J FfQ E C ( f0.00Q % -WW.0 i -01 M at MSOO.
I 0 FTGUIRE F-5

536am BOTTOM11/16100 - 12/04/30 J-15 F TO G VIMRSEIS G TO E
U17



L CL
1-4

w

zoo-

014tI

wetf~

-Z, no

IS-. *-232



6 January 19j'5

N&AMRANDLZI

Frcm: Chairman, Technical Advisory Group, Bottom Interaction
Experiment

To: Manager, Long Range Acoustic Propagation Project

Subj: Report and Reccemendations of Technical Advisory Group

Ref: (a) ONR Code 102-OSC:REK:ke ltr of e August 1975
"Acoustic Bottom Interaction Experiment Description,"
Loyd D. Hampton, Applied Research Laboratories,
13 August l9ý5 (Preliminary Copy)

(c NVOCEJINO Code 6l3O:R3W:jaa memo of 1 Decemiber 1975
* ( d) "Acoustic Bottom Interaction Experiment Description,"

Loyd D. Hampton, ARL-TR-75-41, -November 1975

Encl: (1) Attndance at First Meeting of Technical Advisory Group
foi- the Bottom Interaction Experiment (28 August 1975)

(2) Attendance at Second Meeting of Technical Advisiory Group
for the Bottom Interaction Experiment (11 December 1975)

1. Reference (a) established an ad hoc Technical Advisory Group (TAG)
for the LRAPP-sponsored ocean acoustics exercise in the eastern Pacific
Ocean in an acoustic bottom limited environment (Bottom Interaction
Expertment). The first meeting of the TAG was held in Austin, Texas,
on 28 August 19'5 to review the preliminary experiment description
contained in reference (b). Enclosure (1) lists the participants at
the first meeting. At that meeting the location for the proposed
experiment was changed to an area having a smoother bottom. In
add4 tion, a number of suggestions were made concerning the experiment
objectives, planand details contained in reference (b). As a
result of the discussions and suggestions made at the first TAG
meeting, together with comments received from those who could not
Chiattend, tS e i eliminary experiment description was revised by the
Chief Scientist, Dr. Loyd Hampton.

2. The second meeting of the TAG was held in accordance with reference (c)
on 11 December 1975 in Washington, DC. Enclosure (2) lists the TAG members
and others who attended thib meeting. Although the Bottom Interaction
Experiment has been postponed due to funding deferrals and the loss of
required ACODAC sy-stems in another LRAPP exercise, the meeting was held
to review the revised experiment description to ensure that a technically
sound plan is available for use whenever the experiment is rescheduled.
The TAG was informed by the LRPPP staff that the earliest possible period
±'Qr the conduct of the experiment would be FY 7T and that decisions
conceraing the fate of the experiment had not yet been made.

119

S r .. .V ,, . . . . . : :-- ., . , .. ,. ,, , ,•,.••, • ,-_- .;-• -• .. .,• ,,,, j ,•:•, '.•',•:' !• ,• . ' .. • • "



6 January 1976

Sub.j: Report and Recommendations of Technical Advisory Group

_3. The TAG notes that the experiment was originally planned in1 accordance with an overall sequence of LRAPP exercises scheduled for
FY 76, which placed certain geographic,- financial, and resource con-
straints on it. In view of the postponement of the experiment
these constraints no longer exist in the same way and they may

-A !unnecessarily limit the conduct of the proposed experiment; however,
at my direction the revised experiment description was reviewed
largely in the context of the original constraints.

Ii . The TAG considers the Bottom Interaction Experiment Description
"to be well conceived and thought out. In particular, the TAG

I commends the Chief Scientist for his application of acoustic models
in the experiment desiga. The TAG endorses the revised experiment

I plan within the limits of the original constraints. The TAG does
suggest, however, that selected aspects of the plan should be
reviewed further if the experiment is to be conducted at some time.
In particular, it is recommended that the following parts of the plan
be reviewed:

a. Experiment Location: The area selected is generally well-
suited for a bottom interaction experiment and offers some advantages
in that it permits a number of related transmission phenomena to be
investigated, together with propagation in a bottom limited region.
In addition, some bottom loss and geophysical data already exist for
the area, although it should be noted that the region is geophysically
complex, possibly making interpretation of the resulting data difficult.
The area chosen has logistic advantages of proximity to the continental
U.S., as well as consistency with the overall geographic and time
sequence of the originally planned FY 76 LRAPP exercises. Should the
experiment be conducted in the future it may be desirable to move the
experiment to a geophysically less complicated region, to a region of
higher geographic priority, and/or to a region where more detailed
geophysical information is available, such as an area containing deep
sea drilling sites. Moving the experiment to another location may,
but not necessarily, improve the results on their application to
future systems or geographic interests.

b. Use of Near-Bottom jIydrophones: The experiment as currently
planned utilizes a set of near-bottom hydrophones on the ACODACs.
The use of these near-bottom hydrophones may be of some advantage
for certain system applications; however, their use in interpreting
the data, partierlarly for determining bottom loss, may be limited
by the lack of sufficient time separation between direct and botto.
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6 January 1976

Subj: Report and Recome itons of Technical Advisory Group

reflected signals. The desirability of using these near-bottom
1"ydrophoner in the ACODC corfiguration should be reviewed in the
context of system related versus experiment objectives. At this
time the TAG does not recommend a particular deep bydrophone
confiVuration.

co CW Projector: There does not appear to be aufficient
justification at this time for including a CW projector in the
experiment. It appears that the experiment objectives can be
satisfied without the use of the projector and it should be dropped
from the experiment unless further Justified.

5. In view of existing financial constraints for experiment planning

and the postponement of the experiment, and in order to maintain the
integrity of the experiment design the TAG does not suggest the
Chief Scientist modify the experiment plan at this time to incorporate
the above recommendations. The TAG recommended to the Chief Scientist
that, with some minor changes, reference (d) should be forwarded to the
Manager, LRAPP, for final review, and then printed in limited numbers
for future reference and use.

6. In light of proposed future LRAPP-sponsored exerciees, the TAG
strongly recommends that the Bottom Interaction Experiment be con-
ducted prior to the conduct of similar measurements in the Indian
Ocean. Planning such as vent into the development of the Bottom
Interaction Experiment and the results from such an experiment should
be used in developing an Indian Ocean exercise plan. The experience
and results gained from a preliminary bottom interaction experiment
should be invaluable for the conduct of future measurements in
bottom limited regions.
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6 January 1976

Subj: Report and Recommendations of Technical Advisory Group

7. Finall~y,, the TAG recommends that consideration be given to expanding
the sponsorship of the proposed Bottom Interaction Exrperiment to include
the interests of NAVELECSYSCCIA and C21R. Combined sponsorship vould
increase the resources available to support such an experiment. Judicioui
planning could satisfy the mutual interests of the 6.1, 6.2 and 6.3
communities and provide a cost effective means of conducting a

Al. significant experiment.

ROBER~T S.* WINOKUR

Copy to:
J. T. Gottwald, Tracor., TAG Member
J. S. Hanna, ABOD, TAG Member
M. G. Lewis,, NAVELEIX, TAG Member
M. S. Weinstein, USI, TAG Member
L. I). Hampton, ABI~/UIý, Chief Scientist
R. E. Morrison, LRA.PP
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Attendance at First Meeting of Technical Advisr Group
4F for the Bottom I~ntereuction Exper'iment (28 August 1975)

R.* S. Winokur, NAVOCEANO,. TAG Chairman
M. S. Weinstein, USI,. TAG Member
A. F. Wittenborn., Tracorý, representing J. T. Gottvald, TAG Member
L# Do Hamptonp ARL/UT1. Chief ScientistKG. E. Ellis, AIRL/T7
A. L. Anderson,0 ARL/IJT
A. A. Kirst, T.I.
R. E. Morrison., LRAPP
it. N. Lanej, LAPP

4 Attendance at Second Meeting of Technical Advisory Group
for the Bottom Interaction Experiment (11 Dpeember 1973)

R. S. Winokur,, NAVOOBANO, TAG Chairman
J.* T. Gottvald., Tracor, TAG Member
J. S. Hanna,, AEOD., TAG Member

kM. G. Levis.. NAVE=.~, TAG Member
M. S. Weinstein, 1)81, TAG Member

4A. L. Anderson,, ARL/1YT
H. F. Bezdek, ONR, Code 486
L. D. Hampton,, ARL/UT,, Chief Scientist
R. N. Lane, LRAPP
R. E, Morrison,, LRAPP
J. Reese, R4E-124
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DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH

875 NORTH RANDOLPH STREET
SUITE 1425

ARLINGTON VA 22203-1995
IN REPLY REFER TO:

5510/1
Ser 3210A/01 1/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36

Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

BRIAN LINK
By direction
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